ABSTRACT
Introduction
Numerous studies [1] [2] [3] [4] [5] [6] [7] have demonstrated that blood pressure is a risk factor for future cardiovascular diseases. Also these studies have shown that persons with lower pulmonary function indicators, forced expiratory volume in one second (FEV 1 ) [2, [4] [5] [8] [9] , forced vital capacity (FVC) [6] [7] [8] [9] and FEV 1 /FVC ratio [3] have a higher risk for developing cardiovascular diseases including hypertension. There may be several possible pathophysiological mechanisms for these associations including impaired left ventricular performance and cigarette smoking. Strachan [5] has suggested that longitudinal study measurements of ventilatory function may assist clinical decisions about whether to treat mild hypertension. Engström et al. [8] found that the incidence of cardiovascular disease and death associated with hypertension is increased in the presence of reduced lung function.
Many studies demonstrated that patients with Chronic Obstructive Pulmonary Disease (COPD) had at least one chronic co-morbidity condition like hypertension, diabetes, coronary artery disease, heart failure, cancer and lung infections in addition to COPD [10] [11] [12] [13] . Also, authors of three of these reports hypothesized that COPD was not only a lung disease but also a part of chronic systemic inflammatory syndrome [11] [12] [13] . Previous analyses have confirmed that weight gain, alcohol consumption, parental history of hypertension and excessive use of salt are predictive factors of developing hypertension [6, [14] [15] [16] . In this paper we examined: (i) the relationship between lung function measures (FVC and FEV 1 ) and hypertension in a Canadian rural population; and (ii) the correct functional forms of the continuous predictors for hypertension.
Methods
A cross-sectional community study of adults was conducted in 2003 in Humboldt, Saskatchewan, Canada. The study population included all town residents. This analysis was based on the data from adult subjects aged 18-79 years. The participants were identified by means of a community canvass as previously described [17] that invited each eligible subject to participate in the project and to provide a written consent for clinical studies including spirometry and blood pressure assessment. If the subjects were not willing to participate in the clinical testing, the reasons for nonparticipation were identified. All participants brought completed questionnaires to a health screening centre located in the community. Of the 2897 adults who were eligible for the study, 2090 persons (909 men and 1181 women) completed the questionnaire and attended the health clinic, yielding an overall response rate of 71.0 %. For this analysis, 1834 participants had complete information on lung function and blood pressure. The questionnaires were self-administered and elicited information on socio-demographic factors, smoking, alcohol consumption, home environment, individual and family history of pulmonary and cardiovascular diseases and diabetes. Each participant had a clinic visit that included measurements of lung function, blood pressure, height and weight. Guidelines for blood pressure measurements were those recommended by the Canadian Coalition for High Blood Pressure [18] . Standard mercury sphygmomanometers and 15 inch stethoscopes were used. Appropriately sized blood pressure cuffs were used based on subjects' arm circumference: regular adult cuff (22-23 cm) , large adult cuff (33-41 cm) and thigh cuff (> 41 cm). Prior to blood pressure reading, each subject rested quietly for a minimum of 5 minutes. Two blood pressure readings were obtained and the mean of the two measurements was used for this analysis. Weight was measured to the nearest 0.1 kg using a calibrated hospital spring scale with subjects dressed in normal indoor clothing but without shoes. Height was measured in centimeters against a wall, using a fixed tape measure and head square, with subjects standing in stocking feet on a hard surface. Chen et al [19] reported that subjects tended to underreport high blood pressure (HBP) for a self reported HBP question. Therefore, in this study we defined hypertension as a combination of self-reported and measured HBP together with current medication use for HBP. Hypertension was defined as systolic blood pressure (SBP) ≥140 mm Hg or diastolic blood pressure (DBP) ≥90 mm Hg, or a positive response the self-reported question "has a doctor ever said you had HBP?", or a report of current use of anti-hypertensive medication. BMI was calculated as weight (kg)/ height (m) 2 Smoking status was established as "yes" if there was a report of smoking in the past year or no report of current smoking and a past history of smoking at least 20 packs; otherwise smoking status was coded as "no". Current alcohol consumption was categorized into groups of none, less than 1 day per week, 1 day per week, 2 days per week, and 3 or more days per week. Due to lack of information on amount of alcohol currently used and questionable reliability of the response, alcohol consumption was not included into the statistical models and was only presented descriptively.
Parental history of high blood pressure was determined by a positive response to any of the following: "Has (did) your biological father had (have) high blood pressure?" or "Has (did) your biological mother had (have) high blood pressure?".
Subjects signed a witnessed informed consent. Prior to the study, approval by the Biomedical Research Ethics Board of the University of Saskatchewan was obtained.
Descriptive statistics were expressed as mean ± standard deviation (SD) or percentage. Differences in continuous and categorical variables were examined by two-independent sample t-tests and chi-squared tests, respectively. Logistic regression analysis was conducted to determine associations between hypertension and lung function measurements after adjusting for age, body mass index, parental history of blood pressure, and smoking. Statistical analyses were performed using STATA (STATA Corp LP, Texas, USA). In order to investigate associations between hypertension and lung function testing variables adjusting for important covariates, univariate analysis was conducted to determine candidate variables for the multivariable model [21] . Variables with pvalue < 0.20 were selected for the multivariable logistic regression analysis. Multivariate fractional polynomial logistic model was used to preserve the continuous nature of the predictor variables.
Fractional polynomials (FPs) are a flexible family of parametric models proposed by Royston [22] [23] [24] . It is possible to fit one (FP1), two (FP2) or more (FPm) power transformations of the form 
Results
There were 1834 individuals (798 men and 1036 women) in the study. Mean age was 50.9 (±SD=15.6) years. Of the 1834 participants, 967 persons (52.7%) had hypertension (only 26% of participants self-reported high blood pressure and only 19.6% were on treatment for high blood pressure). There were significant difference between those with and without hypertension in the distribution of age, body mass index, gender, alcohol consumption and lung function values. Participants with hypertension had a higher proportion of parental history of hypertension compared to participants without hypertension (Table 1) .
There was a lower proportion (46%) of high blood pressure in women compared to men (61.4%), but more women (22.3%) were taking antihypertensive medication compared to men (16.0%). Women had a higher proportion of parental history of hypertension compared to men.
Multivariate logistic regression models (model 1 and model 2) were fitted to determine the relationship between hypertension and lung function (FVC and FEV 1 ) adjusting for covariates (Table 2 ). FVC and FEV 1 values were plotted against the residuals to evaluate the goodness of fit of the models graphically ( Figure 1 and Figure 2 , respectively). Multivariate fractional polynomial logistic regression models (model 3 and model 4) were fitted after adjusting for covariates. For both FVC and FEV 1 the best fitted model was a second degree fractional polynomial with powers (2, 2) (Table 3 and Table 4 respectively) and the functional form (two terms) of the lung function would be X 2 + X 2 logX. Results are shown in Table 5 . Next a stratified analysis by gender was performed because our descriptive analysis indicates that lung function measures were smaller for females compared to males and there was significant difference in lung function values between males and females (p<0.0001 for both FVC and FEV 1 ). An ordinary logistic regression model and fractional polynomial model were fitted to the stratified data. In this case the same linear forms of lung function (FVC and FEV 1 ) were seen for both fractional polynomial and ordinary logistic regression models. Results of stratified analysis of the relationship between hypertension and lung function was given in Tables 6 and 7. Table 6 shows an increasing risk of hypertension with decreasing pulmonary function FVC and FEV 1 values for both males and females before adjustment for covariates. After adjusting for age, body mass index, parental history of hypertension and smoking, lower FVC was significantly associated with a higher risk of hypertension in women but not in men and there was no significant association between FEV 1 and hypertension. Also we observed that older age and higher BMI were significantly related to an increased risk of hypertension in both sexes. Parental history of blood pressure was significantly related to hypertension of women participants.
Discussion
In most regression analysis continuous predictors such as lung function variables are included into the model as a linear term. However, in some situations the relationship with outcome and predictor is not linear, but can be a polynomial form. Therefore it is important to examine the functional form of continuous predictors. In this study both lung function measures (FVC and FEV 1 ) had a fractional polynomial (2, 2) functional form. Age and BMI had a linear form after adjusting for other covariates. However, the functional form for the lung function variables varied with gender and the linear functional form of lung function variables fits better to the data when stratified by gender.
There is a strong relationship between hypertension and cardiovascular diseases [1, [25] [26] . Although lung function is inversely related to risk of cardiovascular disease, the mechanism of observed associations particularly by gender remains unclear. Our study reveled that lower FVC was associated with the prevalence of hypertension in women but not in men.
Several recent studies have shown similar results of the relationship between lung function and hypertension after adjusting for potential confounders [9, 12, [27] [28] . Schnabel et al. [9] reported that high blood pressure was associated with reduced lung function (for both % predicted FVC and FEV 1 ) in general adult population adjusting for gender and other covariates. In contrast to our study, Margretardottir et al [12] found that significantly stronger inverse association between FVC and hypertension in men than in women. Few longitudinal associations [6, 7, 28, 29] between lung function and incidence of hypertension have been reported. Sparrow et al. [7] and Selby et al. [6] reported a significant association between FVC and the incidence of hypertension. A study from the People's Republic of China [28] reported weaker associations between lung function (For both FVC and FEV 1 ) and incidence of hypertension among men and women. But significant inverse association was observed only for women. Engström et al. [29] reported that blood pressure increase was inversely related to lung function for men 55 to 68 years of age.
The reasons for the association between reduced lung function and hypertension are not known. It is possible that left ventricular failure causes pulmonary vascular engorgement and interstitial oedema, which may reduce the compliance of the lungs and then result in lower values for FVC. Another possible explanation is the confounding effect of age, since blood pressure increases with age and lung function decreases. Therefore, we adjusted our analysis for age. One other possibility is that cigarette smoking is a common risk factor for both lung function and hypertension. As demonstrated in other studies [6, 28, 30] cigarette smoking was not associated with risk of hypertension among the population that we studied. Another possibility is that antihypertensive medications could affect the lung function test values. It has been shown [31] that Atenolol, an antihypertensive medication resulted in significant decline of FVC and FEV 1 , whereas antihypertensive agents such as Amlodipine did not show any significant change on pulmonary parameters. In our study, we did not have the sufficient information about specific drugs taken needed to further evaluate the affect of various drugs used to treat hypertension on lung function.
Previous studies have been identified other risk factors for hypertension such as physical inactivity, higher BMI, excessive salt intake, smoking and alcohol consumption [8, 19, 28, 12, [32] [33] . Chen et al. [19] reported that the relationship between obesity and hypertension was stronger in the younger subjects than in the older subjects. We therefore adjusted for BMI and found that for both men and women, BMI is a significant risk factor for hypertension. In a previous study [34] parental history of hypertension appeared to be a predictor of future hypertension only in women, and our study provided consistent results.
Identification and control of raised blood pressure is currently the main strategy for prevention of stroke and heart failure. Therefore measurements of FVC and FEV 1 may be more or just as useful as are certain other conventional cardiovascular risk factors currently used to guide clinical decisions about the management of patients with mild hypertension [5, 35] .
Fabbri and Rabe [10] conclude that clinical practice guidelines in general seem to ignore the fact that most patients with a chronic disease have additional co-morbidities. Recognizing the possibility of comorbities as suggested by the chronic systemic inflammatory syndrome may lead to better overall management of chronic diseases and their influence systemically [10] . Gender differences also need to be taken into account when examining co-morbid conditions.
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